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In the analysis of an ever-increasing number of complete genomes, one of the most useful procedures is to link ORFs in the complete genomes to protein three-dimensional (3D) structures that provide essential information of protein function. Recently, various structure-assignment database systems (Kawabata et al., 2002; Buchan et al., 2002; Gough and Chothia, 2002; Frishman et al., 2003) have been developed using PSI-BLAST (Altschul et al., 1997) , reverse PSI-BLAST or HMM. These systems are powerful for detecting remote homologues in order to maximize the number of structure assignments. Of course, the detection of remote homologue is quite an important factor for these analyse, however, it is more important to assign structures the functions of which are already known. As the structure assignment of whole regions (not only partial domains) of a PDB entry is important, the coverage rate of query-target alignment should be controlled easily.
In this regard, the Multiple Intermediate Sequence Search (MISS) (Salamov et al., 1999a (Salamov et al., , 1999b method has the advantages of realizing the setting up of overlap coverage conditions and at the same time maintaining high-throughput computation for the structural annotation of all genome ORFs. The MISS method has a further advantage in that it is more sensitive than PSI-BLAST in the alignment region with very low sequence similarity of around 10-15% (Sauder et al., 2000) .
GENIUS II is an automated system by which ORFs in genomes are assigned to known protein 3D structures using the MISS method that links query and target sequences with multiple intermediate sequences (Park et al., 1998) gathered by PSI-BLAST search. The procedure is illustrated in Fig. 1. (1) PDB sequences are clustered into groups by FASTA (Pearson and Lipman, 1988) under the condition that the normalized score (nSC) and the overlap between query and target sequences are higher than 74 and 80%, respectively, and PDB sequences that have the highest coordinate resolution among the groups are selected as representatives. (2) The PDB representatives are modified by masking transmembrane helix and coiled-coil regions using SOSUI (Hirokawa et al., 1998) and MULTICOIL (Wolf et al., 1997) Through the above procedures, the specificity of correct links among the query, the intermediate and the target sequences is optimized to more than 99% by employing safe thresholds, being evaluated by using the homologous superfamily of CATH single domains (Orengo et al., 1997) .
Applying this system to 129 complete genomes (106 bacteria, 16 archaea and 7 eukaryota) from http://www.ncbi.nlm.nih.gov/Genbank, 43.8% on average of ORFs in genomes were assigned to known 3D structures. The performance is two or three times higher than those of conventional search methods such as BLASTP or FASTA. The percentage linking results of each genome are available at GENIUS II web site (See Supplementary Information). As the results depend on the size of increasing PDB and nr-aa data, the percentage structure assignment is expected to increase according to periodic database update. In our GENIUS II, a more reliable threshold of the normalized score can be obtained because the threshold is evaluated by using 1356 homologous super families of CATH 2.4 compared to only 241 homologous super families (CATH 1.1) used in GENIUS I (Salamov et al., 1999b) .
Furthermore, we employed strict conditions for assigning ORF sequences to 3D structures, namely, the assignment score should higher than the normalized score threshold, and the ORF should cover more than 80% of the intermediate sequence.
This means that two multi domain proteins with domains A, B and A, C, for example, cannot be assigned to each other although they have the same A domain if overlap of the intermediate sequence does not match the conditions. In the GENIUS II system, our main purpose is not to maximize the number of structural hits, or to assign partial domains, but to assign the whole structure of each PDB entry that can directly link to functions that are biologically sound. Of course, such strict conditions may decrease the percentage structure assignment. Therefore, we think (Altschul et al., 1997) by inputting sequences to the psi-PDB (Fig. 1) database.
Using the MISS method, genomes can be analyzed rapidly and updated at regular intervals for our GENIUS II database. In our upcoming versions, we will take full advantage of all the sequences available from sequencing projects in order to increase search sensitivity. We hope GENIUS II (http://genius.cbrc.jp) will be a popular site contributing to the comparative structural genomic field.
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Figure Legend

